Aim: The present study aimed to evaluate intra-abdominal adhesion generating potential of Ankaferd Blood Stopper (ABS), which was used as postoperative hemostatic agent in the rats that underwent surgery, in comparison with Ca-alginate. Material and method: Totally, 30 rats were randomized into 4 groups. In the control group, 1x1 cm peritoneum was removed from the right lower quadrant after cecal abrasion. In the other two study groups, the same procedure was performed after Ankaferd Blood Stopper and Ca-alginate application respectively. Results were evaluated both histopathologically and by adhesion scoring methods. All results underwent statistical analysis. Results: Comparing overall results, no statistically signifi cant difference was found between the sham, control, ABS and Ca-alginate groups (p = 0.099). Paired group comparisons revealed no statistically signifi cant difference between the sham group and the control, ABS, and Ca-alginate groups (p = 0.222, p = 0.222, and p = 0.833 respectively). It was observed that there was no statistically signifi cant difference between the control and ABS groups (p = 0.505), but there was a statistically signifi cant difference between the control and Ca-alginate groups with Bonferroni correction (p = 0.028). Histopathological examination revealed no statistical difference between the groups. Conclusion: In conclusion, intra-abdominal adhesion generating potentials of Ca-alginate and ABS were experimentally evaluated and macroscopic and microscopic comparisons revealed no signifi cant difference between sham, control, Ca-alginate, and ABS groups (Fig. 8, Ref. 36 ). Text in PDF www.elis.sk.
Peritoneal adhesions can be defi ned as abnormal fi brous bands between intra-abdominal organs or tissues, which are normally separate from each other. Postoperative adhesions appear as a result of cellular and biochemical responses that occur while peritoneum is tried to be repaired following a trauma to peritoneal space (1) . Adhesions, which have a wide range of clinical course from simple abdominal complaints to intestinal obstruction, are one of the most important causes of surgical unsuccessfulness since they prolong duration of further surgical procedure and make it more dangerous (2) . The most common cause of intraabdominal adhesions is the surgical procedures performed previously in that region. Adhesions are likely to occur in approximately 90 % of the patients that had undergone surgical procedure in the past (3, 4) .
In the developed countries, intra-abdominal adhesions are the most common causes of intestinal obstructions and account for approximately 65-75 % of the cases. In general, patients that are exposed to lower abdominal or pelvic interventions, which cause damages on large peritoneal surfaces, are at higher risk for adhesive obstruction (5). Intra-abdominal adhesions following abdominal surgeries are the main causes of not only mechanical intestinal obstructions (6, 7) , but also primary and secondary infertility in women (8, 9) and surgical diffi culties encountered during laparotomies (10) .
Today, postoperative peritoneal adhesions, which are substantial causes of morbidity and mortality, appear as one of the serious problems of surgery that remains to be solved. Until today, various pharmacological agents and methods have been used for the prevention and prophylaxis of postoperative intra-peritoneal adhesions. However, different results obtained from these studies make the prevention of postoperative intra-abdominal adhesions an issue that modern surgery is focused on.
Ankaferd Blood Stopper® (ABS) is an herbal-originated topical hemostatic agent that has become available in clinical use in the recent years. It provides hemostasis, independent form coagulation factors, by enabling focal erythrocyte aggregation via encapsulated protein network (11) . Contents of the extract have certain special effects on endothelium, blood cells, angiogenesis, cellular proliferation, vascular dynamics and intercellular interaction. ABS shows effi cacy over both fi brinogen and agglutinating proteins. Blood cells and blood proteins help ABS to generate network confi guration in bleeding area. There are limited numbers of studies about clinical and experimental use of ABS in the abdomen and in hepatic surgery (12) (13) (14) .
Ca-alginate dress (Sorbalgon®, Hartmann, USA) is a topical hemostatic agent and shows effi cacy by releasing Ca ion into the media and provides coagulation (15) . Alginate is composed of α-L-glucuronic acid and β-D-mannuroic acid monomers produced from seaweed. In the recent years, alginate fi bres are being widely used in the production of wound dress (16) .
In the present study, we aimed to comparatively evaluate intra-abdominal adhesion generating potentials of ABS and Calcium alginate, which are used as postoperative hemostatic agents in rats that underwent abdominal surgical procedure.
Material and method

Experimental plan and surgical intervention
The present study was conducted in the General Surgery Clinic and was approved by the ethical committee of hospital. Totally, 30 Wistar Albino female rats with the mean weight of 225 ± 25 g were used. Rats were randomized into four groups and kept in cages at 21 ± 2 °C in 12-hour day and 12-hour night period.
Surgical intervention was performed under sterile conditions by the same team. All rates were famished for 12 hours prior to the surgical intervention. Rats received no enteral and/or parenteral antibiotic in the course of study. Anesthesia was provided by the mixture of 30 mg/kg ketamine hydrochloride (Ketalar®; ParkeDavis, Istanbul, Turkey) and 5mg/kg xylasine (Rompun®, Bayer, Istanbul, Turkey) given via intramuscular route.
The rats (n = 30) were randomized into four groups. After preoperative preparation, abdominal hair was shaved, the skin was sterilized with betadine solution, the abdomen was accessed through an incision, and abrasion was performed on the anterior surface of cecum using sterile gauze until subserosal haemorrhage occurred. A 1x1 cm peritoneal piece was removed from the opposite side of cecal abrasion area. This procedure was standard in the rats of all groups. Subsequent procedures performed in the groups were as follows:
Group (Sham): Six rats in this group underwent laparotomy; cecum was removed and re-located into the abdomen without any intervention.
Group (control): Eight rats in this group underwent no procedure following cecal abrasion and peritoneal resection.
Group (Ankaferd Blood Stopper group): Cecum was covered with Ankaferd blood stopper dress after cecal abrasion and peritoneal resection in the eight rats of this group.
Group (Ca-alginate group): Cecum was covered with calcium alginate dress after cecal abrasion and peritoneal resection in the eight rats of this group.
Evaluation
The rats were put into the cages after the study. They were monitored in the rooms at 22-24 °C temperature and with controlled air conditioning. Oral feeding started on the postoperative fi rst day. Standard rat diet was given for 21 days. The rats, which were famished for one day, were sacrifi ced on the postoperative 21st day via high-dose diethyl ether inhalation under sterile conditions. Abdomens of the rats were accessed through a U-shape incision beginning from the pelvis and extending bilaterally to the costal curves. Adhesion was scored by a surgery team blind for the groups using a scoring method on the basis of extensiveness, appearance and resistance against force.
Histopathological examination
Tissue samples of 1x1 cm, which were taken from the peritoneum and from cecal region with subserosal hemorrhage, were fi xed in 10 % formaldehyde solution and then 5μm sections were obtained from paraffi n-embedded tissues. Tissue sections were examined after being stained with Hematoxylen/Eosin (H/E) and Trichrom stains. The presence of infl ammation in H/E stained sections and presence of fi brosis in H/E and Trichrom stained sections were evaluated by semi-quantitative scoring system (17, 18) .
Statistical analyses
Statistical analyses were done using SPSS 15.0 for Windows program. Numeric values were represented as n (number of rats), mean ± standard deviation, mean, and percentage (%). Overall comparison of the groups was done using "Kruskal Wallis Test". Paired comparisons of the groups were done by "Mann Whitney U Test". Based on the results of analyses, the p value < 0.05 was considered statistically signifi cant. However, Bonferroni correction was used for the comparison of probable two groups and p value was divided by the number of comparisons.
Results
All rats were sacrifi ced on the 21st day via high-dose diethyl ether inhalation. One rat in the sham group died on the postoperative 1st day.
Adhesion Score
Overall comparison of the groups revealed no statistically signifi cant difference between the sham, control, ABS and Caalginate groups (p = 0.099). Paired comparisons of the groups revealed no statistically signifi cant difference between the sham group and the control, ABS and Ca-alginate groups (p = 0.222, p = 0.222, and p = 0.833 respectively). It was observed that there was no statistically signifi cant difference between the control and ABS group (p = 0.505), but there was a statistically signifi cant difference between the control group and Ca-alginate groups with bonferroni correction (p = 0.028). No statistically signifi cant difference was observed also between ABS and Ca-alginate groups (p = 0.083) (Figs 1 and 2) .
Results of histopathological evaluation
Fibrosis and adhesion scores according to the groups are given in the Figures 3 and 4 
Discussion
Peritoneal adhesions can be defi ned as abnormal fi brous bands between intra-abdominal organs or tissues, which are normally separate from each other. Postoperative adhesions appear as a result of cellular and biochemical response that occurs while peritoneum tries to be repaired following a trauma to peritoneal space. Adhesions may either be congenital or acquired; most of them appear as a result of peritoneal injury and the most common cause of peritoneal injury is abdominopelvic surgery. Adhesions may less commonly occur due to infl ammatory events, intraperitoneal infections or abdominal trauma. The degree of adhesion shows variation among subjects; it is also associated with the presence of complications, as well as the type and magnitude of surgical procedure. Another surgical factor that has been demonstrated to cause adhesion formation is the foreign bodies such as mesh, glove powder, suturing materials, and bile stones (1) .
Most of the patients that develop adhesion are asymptomatic. However, adhesions may be important causes of morbidity and mortality in the remaining (1).
Intra-abdominal adhesions accounted for 74 % of the cases in an intestinal obstruction series consisted of 552 patients. In general, some patients are more prone to develop adhesion. However, there is no marker or imaging method that would predict the development, extensiveness or severity of adhesions in the pre-operative period (19) .
Recent studies determined that fi broblasts in adhesions have lower levels of nitric oxide as compared to normal peritoneal fibroblasts (17) .
Saed et al (20) found tissue oxygen level as 6-8 % in the peritoneum of abdominal wall that is distant from the incision, whereas 2-3 % in damaged tissues such as peritoneal incision, devascularized ovary and worn cecum. They demonstrated that tissue nitric oxide levels were remarkably decreased in line with oxygen levels.
Local intraperitoneal oxidative stress contributes to peritoneal adhesion formation. Peritoneal oxidative stress enhances adhesion formation not only via impaired mesothelial fi brinolytic activity but also by angiogenic factors that leads to over-healing of the peritoneum (21) . Roy et al demonstrated increased levels of nitrotyrosine in human samples of peritoneal adhesion and this fi nding has provided new information about the role of free radicals in adhesion formation (21) . Vural et al. conducted a study giving intraperitoneal cyclophosphamide 2 days before the study, and found that this application substantially reduced adhesion formation, and demonstrated that neutrophiles played an important role in the dynamic process in adhesion formation (22) . Neutrophiles usually act by producing free oxygen radicals. The fact that free oxygen radical scavengers remarkably reduces adhesion formation has been demonstrated in the experimental models of ileal ischemiareperfusion and endometriosis (23, 24) . In addition to cytotoxic effect of free oxygen radicals on mesothelial cells, their apoptosis inducing effects have also been demonstrated. These mechanisms lead to further progression of mesothelial damage, which occurs during surgery, and enhance postoperative adhesion. Free oxygen radicals not only cause mesothelial cellular death but also have unfavourable effects on fi brinolytic characteristics of mesothelium. Free oxygen radicals inhibit fi brinolysis by enhancing release of plasminogen activator inhibitor from the mesothelial cells. 
A B
Alginate is a natural polysaccharide derived from seaweed, composed of α-L-glucuronic acid and β-D-mannuroic acid monomers, and is biodegradable. This compound is used in pharmaceutical industry as a gelling and stabilizing agent. In the recent years, alginate fi bres are being widely used in the production of wound dress (16, 25) .
The main mechanism of action of many of local hemostatic substances is enabling the release of natural hemostatic mediators by means of contacting with thrombocytes and activating them. Some substances have auxiliary mechanisms of action (26) .
Ca-alginate shows hemostatic effi cacy by releasing Ca ion into the media. Ca ion, which passes into the media being replaced by sodium, enhances coagulation by activating thrombocytes, factor VII, IX and X. Effect of alginate on coagulation is enhanced as its Ca content is increased (15, 27) .
Ankaferd Blood Stopper, which is considered as the invention of the century, is a standard herbal content stable and sterile medical product with an immediate hemostatic effi cacy, which functions as hemostasis regulator, used to control minor and major bleeding in extracorporeal wounding, traumatic incisions, dental surgeries, and after surgical procedures, as well as spontaneous bleeding.
In the present study, we investigated potential intra-abdominal adhesion generating effi cacies of Ankaferd Blood Stopper and Caalginate after abdominal surgeries. The groups were separately underwent macroscopic and microscopic evaluation. The results were compared between the groups and with similar previous studies.
Adhesions in the present study have occurred between the damaged cecum serosa and peritoneum or small intestine.
Overall or paired comparisons of the groups, which were performed based on macroscopic examination, revealed no statistically signifi cant difference (p > 0.05).
No statistically signifi cant difference was observed with overall and paired comparisons of the groups also in terms of histopathological microscopic examination (p > 0.05).
Macroscopic and histopathological examinations revealed no signs of local irritation, infection or abscess. Necrosis, which is likely to occur after suturing, cauterization, ligation, or the use of inorganic topical hemostasis, was not observed in the present study.
Soga et al used Ca-alginate as endovascular embolization material in their experimental model of aneurism and reported favourable outcomes (28) .
Ingram et al. implanted Ca-alginate into the anal canal after hemorrhoidectomy and compared it to the standard gauze in terms of the amount of bleeding and pain. Although they reported lower pain in Ca-alginate group, they concluded that it had no effi cacy on postoperative bleeding (29) .
Unlike with the present study, Kinaci et al demonstrated in their study named "effi cacy of Ca alginate in hepatic parenchymal bleeding" that Ca-alginate caused massive fi brosis and adhesion in the tissue where it was attached (30) . Moreover, Gaserod et al. demonstrated bioadhesive characteristic of Ca-alginate in their experimental study (31) .
In the experimental study conducted by Cömert et al using single-dose ankaferd (3 ml), more favourable outcomes were obtained with Ankaferd Blood Stopper versus the control group and physiological saline group. The degree of adhesion was found to be lower. Toxic effects were not observed despite the presence of minor infl ammatory changes (32).
Akarsu et al. conducted an experimental study and demonstrated that ABS had similar topical hemostatic effi cacy with physiological saline in a rat model of hepatic laceration and that there was no statistical difference between the groups in terms of intra-abdominal adhesion and histopathological effects (33) .
Comparison of ABS with suture material in a rat model of partial hepatic resection demonstrated that ABS had similar effi cacy with oxidized cellulose in hepatic laceration model and in the rats with partial nephrectomy that received intravenous heparin anticoagulant, and did not cause fi brosis, infl ammation or tissue injury (34) .
ABS has been demonstrated to be clinically effective in the gastrointestinal tract in endoscopic procedures, in hepaticojejunostomy, in Dieulafoy lesion and in solitary rectal ulcer bleeding (34) (35) (36) . These fi ndings suggested that ABS can be used in laparoscopic and endoscopic surgical procedures.
In conclusion, intra-abdominal adhesion generating potentials of Ca-alginate and ABS have been experimentally evaluated and no signifi cant difference was found between sham, control, Ca-alginate and ABS groups in macroscopic and microscopic comparisons.
Potential adverse events, such as adhesion, abscess formation and fl uid collection, should be taken into consideration in the clinical use of a topical hemostatic material, such as ABS, which acts by forming protein network and of which intra-abdominal usage may require high amounts. More detailed studies about its use in different doses are required.
Not observing adhesion enhancing effect of Ca-alginate in the present study unlike other studies means not only that it can be safely used in intra-abdominal procedures but also more comprehensive studies that would be performed in larger numbers of subjects are needed.
Although we observed macroscopic and microscopic favourable effects of ABS in intra-abdominal use, we think that safety and effi cacy of ABS in abdominal surgeries in human can be demonstrated in more comprehensive studies.
